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The CMS detector {#Sec2}
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Events of interest are selected using a two-tiered trigger system \[[@CR10]\]. The first level, composed of custom hardware processors, uses information from the calorimeters and muon detectors to select events at a rate of around 100$\documentclass[12pt]{minimal}
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Event reconstruction and selection {#Sec3}
==================================

The data sample is collected with an HLT algorithm designed to select events with two muons consistent with originating from a charmonium resonance decaying at a significant distance from the beam axis. The requirements imposed at the trigger level include $\documentclass[12pt]{minimal}
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The reconstruction and selection of the $\documentclass[12pt]{minimal}
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Simulated events that are used to obtain relative efficiencies and invariant mass resolutions are produced with [pythia]{.smallcaps} v6.424 \[[@CR14]\]. The $\documentclass[12pt]{minimal}
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==========================================================================================================

For every invariant mass distribution fit discussed in this section, the functional models for the signal and the combinatorial background components are chosen such that a good description of the binned distribution is obtained. The description quality is verified using the difference between the data and fit result, divided by the statistical uncertainty in the data and also with $\documentclass[12pt]{minimal}
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Efficiencies and systematic uncertainties {#Sec7}
=========================================

The efficiency for each decay channel is calculated using simulated signal samples. It is defined as the number of reconstructed signal events from the simulation divided by the number of generated events. The efficiency includes the detector acceptance, trigger, and candidate reconstruction efficiencies. Only the ratios of such efficiencies for different decay modes are needed in formulae ([1](#Equ1){ref-type=""})--([6](#Equ6){ref-type=""}), which reduces the systematic uncertainties in those ratios. The resulting efficiency ratios used in the measurements of the ratios of the branching fractions are:$$\documentclass[12pt]{minimal}
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The statistical uncertainties in the efficiency ratios are considered as sources of systematic uncertainty in the measured branching fraction ratios. The systematic uncertainties related to muon reconstruction and identification and trigger efficiencies cancel out in the ratios. Systematic uncertainties associated with the track reconstruction efficiency are assigned only in ratios involving final states with a different number of tracks. Validation studies of the simulated signal samples are performed by comparing distributions of variables employed in the event selection between simulation and background-subtracted data, using the channels with the larger yields in data ($\documentclass[12pt]{minimal}
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All these systematic uncertainties are summarized in Table [3](#Tab3){ref-type="table"}, along with the total systematic uncertainty, calculated as the sum in quadrature of the different sources.Table 3Relative systematic uncertainties in percent in the ratios $\documentclass[12pt]{minimal}
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Systematic uncertainties in the ratios $\documentclass[12pt]{minimal}
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No systematic uncertainty related to the track reconstruction efficiency is assigned to the ratios considered in this subsection, since they involve final states in the numerator and denominator with equal numbers of charged particles.

In order to evaluate the systematic uncertainties related to the choice of the invariant mass fit model, several alternative functions are tested, as in the previous subsection. The systematic uncertainty in each ratio is calculated as the largest deviation of the corresponding ratio of signal yields obtained using alternative fit models with respect to the baseline fit model. The uncertainties related to the fits to $\documentclass[12pt]{minimal}
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Table [4](#Tab4){ref-type="table"} lists those systematic uncertainties, together with the total ones, calculated by summing the different contributions in quadrature.

Systematic uncertainties in the mass differences and natural widths {#Sec10}
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The uncertainty related to the choice of the fit model is estimated by testing alternative fit models, as in Sect. [5.1](#Sec8){ref-type="sec"}. The largest deviation from the mass difference obtained from each baseline fit value is taken as the systematic uncertainty in the respective mass difference or natural width. The uncertainties related to the fits to the $\documentclass[12pt]{minimal}
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The systematic uncertainty associated with the knowledge of the mass difference $\documentclass[12pt]{minimal}
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Studies of simulated events show that the mass differences measured in the reconstructed invariant mass distributions are slightly shifted with respect to the mass differences used in the generation of simulated events. Therefore, the measured mass differences are corrected by the observed shifts (which are up to 0.056$\documentclass[12pt]{minimal}
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In order to estimate the systematic uncertainties due to possible misalignment of the detector \[[@CR21]\], eighteen different simulated samples with various distorted geometries are produced and analyzed for each of the four decay channels. From these measurements the largest deviation of the estimation of the invariant mass or its resolution from the perfectly aligned case is accepted as an estimate of the systematic uncertainty from a possible detector misalignment. The magnitudes of distortions are large enough to be detected and corrected by the standard alignment procedures \[[@CR21]\]. The shifts in the measured mass differences observed in these simulations are up to 0.038$\documentclass[12pt]{minimal}
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The systematic uncertainties related to the invariant mass resolution are estimated in the same way as in the previous subsections and are found to be up to 0.007$\documentclass[12pt]{minimal}
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These systematic uncertainties are summarized in Table [5](#Tab5){ref-type="table"}, together with the total systematic uncertainties, calculated by summing in quadrature the different contributions. It was checked that the mass of the $\documentclass[12pt]{minimal}
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Results {#Sec11}
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In addition, using Eqs. ([5](#Equ5){ref-type=""})--([6](#Equ6){ref-type=""}), the ratios of production cross sections times branching fractions are measured:$$\documentclass[12pt]{minimal}
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                \begin{document}$$\sqrt{s}=7\,\text {TeV} $$\end{document}$ and in a different pseudorapidity region, consistent with the result presented here.

The following mass differences are obtained:$$\documentclass[12pt]{minimal}
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                \begin{document}$${\mathrm {B}} ^{(*)}_{{\mathrm {s}}1,2} $$\end{document}$ masses are determined:$$\documentclass[12pt]{minimal}
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                \begin{document}$${\mathrm {B}} ^0 \mathrm {K} ^0_{\mathrm {S}} $$\end{document}$ channel are consistent with our results using the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\mathrm {B}} ^+ \mathrm {K} ^- $$\end{document}$ channel but have significantly larger uncertainties.

Using the mass-difference measurements above, the mass differences between the neutral and charged $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\mathrm {B}} $$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\mathrm {B}} ^{*} $$\end{document}$ mesons are found to be:$$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned}\begin{aligned} M_{{\mathrm {B}} ^0}-M_{{\mathrm {B}} ^+}&= 0.57\pm 0.49\pm 0.10\pm 0.02\,\text {MeV}, \\ M_{{\mathrm {B}} ^{*0}}-M_{{\mathrm {B}} ^{*+}}&= 0.91\pm 0.24\pm 0.09\pm 0.02\,\text {MeV}. \end{aligned}\end{aligned}$$\end{document}$$The first mass difference result is consistent with the significantly more precise world-average value of $\documentclass[12pt]{minimal}
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                \begin{document}$$M_{{\mathrm {B}} ^{*0}}-M_{{\mathrm {B}} ^{*+}} $$\end{document}$, and this paper presents a new method to measure both of these mass differences.

Lastly, the natural width of the $\documentclass[12pt]{minimal}
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                \begin{document}$${\mathrm {B}} ^{*}_{{\mathrm {s}}2} $$\end{document}$ meson is determined to be$$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} \varGamma _{{\mathrm {B}} ^{*}_{{\mathrm {s}}2}} = 1.52\pm 0.34\pm 0.30\,\text {MeV}, \end{aligned}$$\end{document}$$consistent with the results of LHCb \[[@CR5]\] and CDF \[[@CR6]\] (see Table [1](#Tab1){ref-type="table"}).

Summary {#Sec12}
=======
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                \begin{document}$${\mathrm {B}}$$\end{document}$ meson and kaon mass are determined, as well as the $\documentclass[12pt]{minimal}
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                \begin{document}$$M_{{\mathrm {B}} ^{*0}}-M_{{\mathrm {B}} ^{*+}} $$\end{document}$ are measured, where the latter is determined for the first time.
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